INTRODUCTION
The movement of nutrients and detritus across habitat boundaries allows consumers to achieve greater abundances than when supported by in situ production alone, sometimes to the extent that they profoundly alter food web structure and community dynamics (Polis & Hurd 1996 , Polis et al. 1997 . Such connectivity can occur through a number of pathways. For example, terrestrial ecosystems can receive inputs of guano from seabirds (Polis & Hurd 1996) or marine macrophytes through water movement (Ince et al. 2007) . Considerable effort has gone into understanding the ecological influence of the transfer of nutrients and detritus from marine to terrestrial ecosystems, but less is known about the effects of transfers across marine boundaries (Colombini & Chelazzi 2003) .
In many coastal regions, the production of marine macroalgae and seagrasses in subtidal habitats is extremely high. During storms and high swells, macrophytes are detached and transported to distant areas, often crossing habitat boundaries (Kirkman & ABSTRACT: In several parts of the world, detached seagrass and macroalgae accumulate in the surf zone where in situ primary production can be low. This allochthonous resource is therefore likely to be important to consumers, but the various components of the resource likely play different roles in the food webs. We traced sources of production for the abundant amphipod Allorchestes compressa and 2 key predatory fishes in the surf zone of southwestern Australia using multiple stable isotopes (δ 13 C, δ 15 N and δ 34 S) and fatty acids. Seagrasses had higher δ 13 C than macroalgae, while δ 13 C of red and brown macroalgae were similar. Mixing models based on δ 13 C were ambiguous and indicated that brown algae and seagrasses were both feasible carbon sources for A. compressa. δ 15 N varied little between seagrasses and macroalgae, while δ 15 N of amphipods was higher and δ 15 N of fish higher again. δ 34 S was not useful in distinguishing between macrophytes or trophic levels. The fatty acid composition of brown and red algae and seagrasses were distinct. The composition of essential fatty acids (i.e. fatty acids that the consumer must obtain through its diet) of A. compressa was most similar to that of brown algae. The combination of stable isotope and fatty acid analyses indicates that, although brown algae comprises a lower proportion of wrack biomass than seagrass (17 to 28% vs. 52 to 58%), brown algae, particularly the kelp Ecklonia radiata, contributes disproportionately to the surf-zone food web in southwestern Australia.
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Resale or republication not permitted without written consent of the publisher Kendrick 1997 , Colombini & Chelazzi 2003 . Detached macrophytes, known as wrack, often accumulate along shorelines (Pennings et al. 2000 , Ince et al. 2007 ). Since sandy shorelines often have very little in situ primary production (Brown & McLachlan 1990) , accumulations of wrack provide a significant additional potential food source for consumers.
Our ability to separate the importance of allochthonous and autochthonous sources of production relies on reliable discrimination between multiple food sources. Stable isotopes (e.g. of carbon, nitrogen and sulfur) are frequently used to identify sources of production, and to delineate trophic pathways (e.g. Peterson & Howarth 1987 , Moncreiff & Sullivan 2001 . However, when the stable isotope ratios of potential food sources do not differ greatly, results are typically ambiguous, making it difficult to provide clear conclusions (e.g. Lepoint et al. 2000 , Hyndes & Lavery 2005 . To help resolve uncertainty in these situations, lipid biomarkers such as fatty acids can be used (Phleger et al. 1998 , Wilson et al. 2001 . The combined use of stable isotopes and fatty acids can therefore be useful to establish sources of production.
Like many other parts of the world (Colombini & Chelazzi 2003) , allochthonous wrack accumulates in large quantities in the surf zones along the shores of southwestern Australia, where it is an important food source for abundant grazers, particularly amphipods and isopods. The amphipod Allorchestes compressa is the dominant mesograzer in detached macrophyte accumulations in southwestern Australia, although its abundance varies greatly across space and time (Robertson & Lucas 1983 , Crawley & Hyndes 2007 ). This amphipod utilises wrack for food and habitat and in turn provides food for several species of fishes, particularly juvenile Cnidoglanis macrocephalus (Plotosidae) and Pelsartia humeralis (Teraponidae), which are enhanced in abundance with increases in the amount of wrack in surf zones (Crawley et al. 2006) . Since amphipods can have distinct dietary preferences (Pennings et al. 2000 , Crawley & Hyndes 2007 , different wrack components may play substantially different roles in the surf-zone environment. The aim of the present study was to use multiple stable isotopes (δ 13 C, δ 15 N and δ 34 S) together with fatty acid profiles to establish which type(s) of allochthonous material (brown algae, red algae or seagrass) provide the major source(s) of energy and nutrition for this food chain.
MATERIALS AND METHODS
Study area and sample collection. The study region was located on the lower west coast of Australia (Fig. 1) , where most of the coastline consists of open sandy beaches exposed to low to moderate energy waves. A more severe wave climate exists during the austral winter and spring, when south to southwesterly swells predominate (Lemm et al. 1999) . Large wrack accumulations are a prominent feature on many sandy beaches in the region, particularly during late autumn to early spring (Kirkman & Kendrick 1997 Fish were collected from within surf-zone wrack accumulations at each site using a 21.5 m seine net (9 mm wing mesh and 6 mm bunt mesh), at the same time as the macrophytes. Where possible, 5 individuals of juvenile Cnidoglanis macrocephalus and Pelsartia humeralis were collected at each site, since fish assemblages in surf-zone wrack in this region primarily comprise juveniles of these 2 species (Crawley et al. 2006) .
To examine the relative proportions of seagrass and brown, red and green algae at each site, wrack was surveyed using a phytoplankton net (153 µm mesh size, 30 cm diameter, 1 m length) during winter 2004. The net was scooped through the water 3 times for each replicate, with 3 random replicates taken from each site. Macrophyte material from each replicate was identified as seagrass or brown, red or green algae and dried at 60°C for 48 h. Dry weights of each broad taxonomic group were recorded. Stable isotope and fatty acid analyses. Macrophyte samples were scraped using a razor blade to remove epiphytes when necessary and stored frozen at -20°C. Amphipods were kept in filtered seawater overnight to clear their gut contents before being frozen. Dorsal muscle tissue was dissected from the side of each fish which had been frozen after capture. All samples were rinsed in deionised water, dried at 60°C for 48 h, homogenised in a ball-mill for 2 to 3 min until ground to a fine powder and weighed in tin capsules (Elemental Microanalysis).
δ 13 C and δ 15 N values of macrophytes, amphipods and fish were determined using a Europa Scientific ANCA-NT 20-20 isotope ratio mass spectrometer. δ 13 C and δ 15 N of the plant and animal samples were determined by comparison with plant and fish laboratory standards, respectively, which had been previously calibrated against standard International Atomic Energy Agency (IAEA) or National Institute of Standards and Technology (NIST) reference materials with a precision of < 0.1 ‰. All δ 13 C and δ 15 N results, expressed in ‰, are traceable to the internationally accepted Vienna PeeDee Belemnite (VPDB) or atmospheric N 2 scales. Prior to analysis, subsamples of amphipods were acid-treated using 1 N HCl until effervescence ceased, indicating that carbonate had been removed (Boutton 1991) . Acidified amphipod subsamples were analysed for δ 13 C and the untreated portion analysed separately for δ 15 N. δ 34 S was determined by Iso-Analytical (UK) using elemental analysis coupled with isotope ratio mass spectrometry (EA-IRMS). The samples were weighed in tin capsules and vanadium pentoxide was added as a catalyst before sealing. δ 34 S was determined by monitoring the specific mass to charge ratio, m/z 48, 49 and 50, of SO + produced from SO 2 in the ion source and comparing it to NBS-127 (barium sulfate, Vienna Canyon Diablo Troilite) reference material distributed by the IAEA. Three of the 5 replicate samples for each species were randomly selected for sulfur isotope analysis.
For lipid analyses, 3 replicate samples for each macrophyte and animal species from each site were pooled to give a single sample of approximately 25 mg total dry weight. Samples were extracted quantitatively overnight by a single-phase chloroform/ methanol/water method (Bligh & Dyer 1959) modified by substituting dichloromethane for chloroform, with 5‚(H)-cholan-24-ol (Chiron AS) added as an internal standard. After phase separation, lipids were recovered in the lower dichloromethane layer and concentrated by rotary evaporation to provide the total extract (TE). The TE was evaporated under a stream of nitrogen and the total non-saponifiable neutral lipid and fatty acid fractions were obtained by treatment with 3 ml 5% potassium hydroxide (BDH Laboratory Supplies; AnalaR) in 80:20 methanol/water (Mansour et al. 2005) . Non-saponifiable lipids were converted to their corresponding O-trimethylsilyl (O-TMS) ethers by treatment with bis(trimethylsilyl)trifluoroacetamide (BSTFA, 100 µl, 60°C, 60 min) (Alltech Associates; 99 + 1% trimethylchlorosaline [TMCS] ). FA and bile acids were converted to their corresponding methyl esters by treatment with a methanol-hydrochloric acid-chloroform (10:1:1 v/v/v) solution (Mansour et al. 2005) .
Gas chromatography (GC) was performed using a Varian 3800 chromatograph equipped with a flame ionization detector (FID) and septum-equipped programmable injector (SPI). The chromatograph was equipped with a 50 m × 0.32 mm (inner diameter) cross-linked 5% phenyl-methyl silicone (HP5 ultra 2) fused-silica capillary column, with helium as carrier gas. Operating conditions are described in Mansour et al. (2005) . C23:0 tricosanoic fatty acid methyl ester (FAME) was added as an internal injection standard. Peak identifications were based on comparison of retention times with authentic and laboratory standards and GC-mass spectrometric (GC-MS) analy-sis. Data were acquired and peak areas quantified using Varian Galaxie chromatography software. Verification of the identity of individual components was performed on a Thermoquest/Finnigan GCQ-Plus benchtop mass spectrometer fitted with a direct capillary inlet and an on-column injector (Mansour et al. 2005) . The detection limit was ≈10 ng.
To determine whether oven drying affected the fatty acid composition of different taxa, 3 replicate samples of the algae Ecklonia radiata and Laurencia sp., the seagrass Posidonia sinuosa and the amphipod Allorchestes compressa were collected from wrack at Shoalwater Bay. Sample processing was identical to that described above, except each replicate sample was divided in half, with one half oven-dried at 60°C and the other half freeze-dried. Samples for both drying treatments and each taxon were then analysed for fatty acid profiles using the methods described above.
Statistical analyses. Green algae constituted an exceptionally minor portion of the wrack (see 'Results'), so were not included in subsequent analyses. To test whether variation in δ 13 C, δ 15 N, and δ 34 S was greatest for differences among divisions of macrophytes (i.e. brown algae, red algae and seagrasshereafter referred to simply as 'divisions'), rather than for differences among species, we used nested ANOVA to test for differences between levels of the 2 possible sources of variation: division (fixed effect, 3 levels) and species (nested in division, 2 levels). We conducted separate analyses for each site and element and we kept n = 3 for each analysis to maintain a balanced design. We were most interested in determining which source was associated with the greatest amount of variability, and focussed on magnitudes of effects (ω 2 ) because, unlike p-values, this does not depend directly on the degrees of freedom (Graham & Edwards 2001) .
Stable isotope values were used to calculate mixing models, using the software IsoSource (Phillips & Gregg 2003) . Since the inclusion of δ 15 N and δ 34 S in the calculations did not generate feasible outcomes at any of the sites, only δ 13 C was used. Calculations based on δ 13 C alone did not yield feasible outcomes for Shoalwater Bay. As a result, mixing model analyses were restricted to δ 13 C values for Two Rocks and Hillarys. These models estimated the potential contribution of the 3 potential food sources within the wrack (brown algae, red algae and seagrass) to the first order consumer Allorchestes compressa. The frequency and range of the possible contributions (0 to 100%) of different types of macrophytes at increments of 1% were determined. The δ 13 C values of each of the 3 potential sources were adjusted based on the expected discrimination (-10, -3.5 and -3 ‰ for seagrass, red algae and brown algae, respectively), using data for A. compressa fed controlled diets of each food type in the laboratory (Crawley et al. 2007) .
The fatty acids present in each species of macrophyte and consumer were expressed as relative abundance of the total fatty acids (percentage of the total area of fatty acids). We used permutational MANOVA (PERMANOVA; Anderson 2001) to test whether variation in the composition of fatty acids was predominantly due to differences among divisions or species. The analysis used Bray-Curtis dissimilarities calculated from untransformed data. As with univariate analyses, we were most interested in the amount of variation attributable to the different sources, and focussed on estimates of the pseudo-variance components, calculated as for the univariate case from the means squares yielded by PERMANOVA (Anderson & Millar 2004) . To visualise multivariate patterns we generated a generalised discriminant analysis using Canonical Analysis of Principal Coordinates (CAP) (Anderson & Willis 2003) . To explore which fatty acids contributed most to differences among divisions, we correlated the fatty acid data with the canonical axes.
Essential fatty acid (ω3 and ω6 polyunsaturated fatty acids [PUFA]) data were ordinated using nMDS to examine patterns of similarity in essential fatty acid (EFA) composition among different macrophyte taxa and consumers. The ordination was performed using Primer 5 (Clarke & Gorley 2001 ) based on Bray-Curtis similarities calculated from untransformed data. One Hypnea ramentacea sample from Shoalwater Bay was excluded from the analysis as it did not contain any EFA, as well as one Posidonia sinuosa sample from Two Rocks, which was more decomposed than those at the other sites. Similarity of percentages (SIMPER) was used to determine the degree of dissimilarity between macrophyte taxa and the first order consumer Allorchestes compressa.
A non-metric multi-dimensional scaling (nMDS) ordination plot (constructed using PRIMER v.5, based on a Bray-Curtis similarity matrix derived from squareroot transformed data (Clarke & Gorley 2001) reflected the tight clumping of samples for each taxon on the nMDS plot regardless of drying treatment, indicating that oven drying at 60°C does not affect the relative level of similarity among the taxa examined. A 2-way crossed ANOSIM (with 100 permutations) was used to test for differences among taxa and drying treatment to support the nMDS and showed that there was no effect of drying treatment (R = 0.139, p = 0.96), but that fatty acid composition still differed among taxa (R = 0.997, p = 0.001). These results show that oven drying does not affect the conclusions of this study, and add further evidence to the robustness of fatty acid composition despite the treatment of samples (Phleger et al. 2007) .
RESULTS

Wrack biomass
Average ± SE wrack biomass ranged between 140.4 ± 19.7 g dry weight (DW) m -2 at Hillarys, 159.8 ± 29.6 g DW m -2 at Shoalwater Bay and 189.4 ± 31.4 g DW m -2 at Two Rocks. Seagrass contributed most to the biomass at each site, ranging between 52 and 58%, while brown and red algae contributed 17 to 28% and 16 to 26%, respectively. In comparison, green algae contributed only 0.3 to 0.6% to the total biomass.
Stable isotopes
Differences among divisions of macrophytes were the greatest source of variation in δ 13 C at all sites, accounting for > 67% of variation in each case (Table 1 ). In contrast, differences between species within each division accounted for a much lower proportion of variance (≤15%). These patterns were less pronounced for δ 15 N and δ 34 S. Differences in δ 15 N among divisions accounted for more variation than differences among species at Two Rocks and Hillarys (where among-individual variation was greatest), but not at Shoalwater Bay. Differences in δ 34 S among divisions were the greatest source of variation at Hillarys and Shoalwater Bay, but not at Two Rocks. In general, the results indicate that differences among divisions were greatest, so pooling species prior to calculation of mixing models was justified.
Student-Newman-Keuls (SNK) tests revealed that δ 13 C values of seagrasses were significantly higher than those of macroalgae at all locations (Fig. 2 ). δ 13 C values of brown algae were higher than those of red algae at Two Rocks, but differences between brown and red algae were not evident at the other 2 locations. δ 13 C of Allorchestes compressa was relatively consistent across locations, falling within the range encompassed by brown and red algae (range of location means = -19.7 to -21.6) (Fig. 2 ). δ 13 C values of the fishes Cnidoglanis macrocephalus (range = -17.1 to -19.8) and Pelsartia humeralis (range = -17.8 to -19.7) also fell within the range encompassed by brown and red algae (Fig. 2) .
Differences in δ 15 N values among divisions were not significant at any location (Table 1 ). δ 15 N values of Allorchestes compressa were higher than all macrophytes (by at least 1 ‰), but lower than the 2 fish species (by approximately 6 ‰) (Fig. 2) . Similarly, δ 34 S did not differ among divisions at all sites except Shoalwater Bay, where δ 34 S of seagrass was significantly lower than brown and red algae. δ 34 S values of A. compressa were within the range of most macrophytes at Hillarys and Shoalwater Bay, but not at Two Rocks (range = 16.0 to 18.9) (Fig. 2 ). δ 34 S values of Cnidoglanis macrocephalus (range = 12.7 to 16.2) and Pelsartia humeralis (range = 16.2 to 17.1) were typically most similar to δ 34 S of seagrass (Fig. 2) . Mixing model results for all divisions at the 2 sites analysed spanned a wide range, encompassing zero in each case. At Two Rocks, brown algae and then seagrass ranked highly in terms of the contribution of δ 13 C to Allorchestes compressa (Fig. 3) . Both exhibited higher median potential contributions (> 0.35) and 99th percentiles (> 0.66) than red algae. In contrast, seagrass ranked highly at Hillarys (median value = 0.73, 99th percentile = 0.82), while brown algae ranked lower (median value = 0.17, 99th percentile = 0.37) (Fig. 3) . At both sites, red algae provided a smaller potential contribution to A. compressa (median values < 0.17, 99th percentiles < 0.34).
Fatty acid composition
A wide range of fatty acids was present in the macrophytes sampled (Table 2) . Differences among divisions were the greatest source of variation in fatty 37 C values (using -10, -3.5 and -3 ‰ diet -consumer discrimination for seagrass, red algae and brown algae, respectively). Plots show 1st (bottom of whisker), 50th (white horizontal line) and 99th (top of whisker) percentiles and minimum and maximum values (grey box) of distributions acid composition, while differences among species within each division were minor (Table 3 ). The constrained ordination (CAP) showed clear separation of seagrass from brown and red algae along the first canonical axis and separation of brown algae and red algae along the second canonical axis (Fig. 4) , reflecting the differences in fatty acid composition. Seagrasses (except for Posidonia sinuosa from Two Rocks, which was anomalous) were characterised by high levels of 17:0 (1.5 to 4.0%), 18:0 (6.0 to 10.2%) and 18:2ω6 (18.4 to 32.1%) relative to macroalgae ( rate levels of 16:1ω7c (2.7 to 3.4%) and 18:1ω7c (2.5 to 5.9%) were also present in consumers. Of the essential fatty acids (PUFA), consumers contained high levels of 20:4ω6 (10.6 to 12.9%), which was also present in moderate levels in brown algae. Amphipods also contained moderate levels of 18:4ω3 (2.3%), which occurred predominantly in brown algae (Fig. 5) . The nMDS ordination using essential fatty acid data (ω3 and ω6 PUFA) grouped consumers (amphipods and fish) together to the bottom left of the ordination plot (Fig. 6 ). Brown algae were grouped together in the centre of the ordination, close to the consumers. Seagrasses were grouped together on the bottom right of the ordination plot, while red algae were dispersed across the top of the ordination. SIMPER revealed that the average dissimilarity in essential fatty acid composition between the amphipod Allorchestes compressa and each of the macrophyte taxa was highest for seagrass (83.8%), followed by red algae (63.4%) and was lowest for brown algae (38.3%). Average dissimilarity between amphipods and fish was low (28.3%), suggesting similar essential fatty acid composition between consumers.
DISCUSSION
The present study documents that the mesograzer Allorchestes compressa and the fishes Cnidoglanis macrocephalus and Pelsartia humeralis, abundant consumers of amphipods in the surf zone of southwestern Australia (Crawley et al. 2006) , rely predominantly on the input of allochthonous brown algae. Despite the large biomass of several different types of marine macrophytes in the surf zone (brown and red algae and seagrass), brown algae were the main food source for amphipods. Since these consumers reach far greater densities in accumulations of wrack than in bare sand in this environment (Robertson & Lucas 1983 , Crawley & Hyndes 2007 , this allochthonous material provides a 'spatial subsidy' for consumers in the surf zone, where in situ primary production is low.
We employed a combination of analyses using stable isotopes and fatty acids, but stable isotopes provided less clarity than fatty acids. This was due to the overlap in δ 13 C among macrophytes, which was exacerbated when known levels of discrimination for Allorchestes compressa were applied prior to using data in mixing models. δ 13 C could help distinguish between macroalgae and seagrass, but not between brown and red macroalgae. Seagrasses had higher δ 13 C values than macroalgae, which has been shown for the same species elsewhere (Smit et al. 2006 ) and for other seagrass species (Nichols et al. 1985) . However, when δ 13 C discrimination of -10 ‰ for seagrass and + 3 ‰ for macroalgae were applied (Crawley et al. 2007) , results of mixing models were ambiguous and were unable to clearly resolve the relative contributions of seagrass or macroalgae to the diet of A. compressa. This ambiguity was not resolved through the use of δ 15 N and δ 34 S, both of which varied little between seagrasses and macroalgae, and therefore contributed little to distinguishing the sources of production for consumers. This is not surprising for δ 15 N, which is generally similar for 40 ) red algae, (e,f) seagrasses, and for (g) amphipods and (h,i) fishes organisms within the same trophic level, yet differs between organisms at different trophic levels and therefore can be used to help construct trophic relationships (Vander Zanden & Rasmussen 1999) . While this trophic shift was evident between primary producers and primary consumers (amphipods), there was no distinction in δ 15 N between consumer groups. In the case of δ 34 S, the lack of differences between seagrasses and macroalgae contrasts with other marine food web studies, where the combination of δ 13 C and δ 34 S could separate marine vascular plants from algae more than any other combination of δ 13 C, δ 15 N and δ 34 S (Connolly et al. 2004 ). However, δ 34 S appears to be more discriminating in semi-enclosed coastal systems, such as estuaries, where the δ 34 S values of rooted plants, e.g. saltmarshes, in anaerobic sediments are influenced by the bacterial reduction of sulphates (Fry et al. 1982) .
Results from the present study suggest that stable isotopes are less discerning in more open marine systems such as the coastal marine waters of southwestern Australia.
In comparison to the stable isotope results, the fatty acid compositions of brown algae, red algae and seagrass were distinct, therefore providing a useful biomarker to examine trophic connectivity to consumers. Marine macrophytes are rich in ω3 and ω6 PUFA, which are essential fatty acids for animals and are considered to be good indicators of diet, as they cannot be produced de novo by animals (Sanina et al. 2004) . Marine crustaceans are particularly rich in ω3 PUFA, especially eicosapentaenoic acid (EPA, 20:5ω3) and docosahexaenoic acid (DHA, 22:6ω3) (Chamberlain et al. 2004) , and ω6 PUFA, especially arachidonic acid (ARA, 20:4ω6) (Graeve et al. 2001) . The ω3 and ω6 PUFA composition of Allorchestes compressa was most similar to that of brown algae and most dissimilar to that of seagrass, indicating that many of these essential fatty acids were derived from allochthonous brown algae. Amphipods were characterised by moderate to high levels of arachidonic (ARA, 20:4ω6) and stearidonic (18:4ω3) acids, which were abundant in brown algae but absent in seagrass. Similarly, A. compressa contained eicosapentaenoic acid (EPA) (20:5ω3), which was present only in brown and red algae, whereas levels of linoleic acid (3.8%, 18:2ω6), a useful tracer between marine vascular plants and crustaceans (Hall et al. 2006) , were very low in amphipods but high in seagrass. These results provide evidence that nutrients primarily from allochthonous brown algae are assimilated by A. compressa.
The finding that amphipods consumed mainly brown algae is supported by stable isotope results, although these could not discount other alternatives. However, feeding preference experiments with Allorchestes compressa have shown a very clear grazing preference by this amphipod for brown algae (Crawley & Hyndes 2007) , further strengthening the conclusion of the present study. Decomposition and bacterial degradation of different plant material in wrack, and any associated shift in food choice by A. compressa, is unlikely to affect the conclusions of the present study. In previous studies on the feeding preference of A. compressa for fresh or decomposed seagrass (Posidonia sinuosa) and brown algae (Ecklonia radiata), plant type (seagrass, brown algae or red algae) had a greater influence on the stable isotope ratios of A. compressa than the state of decomposition of the macrophyte material (Crawley et al. 2007) . Similarly, there was little difference in the fatty acid composition of amphipods, which had fed on either fresh or decomposed plant material (K. R. Crawley unpubl. data).
The EFA composition of the fishes Cnidoglanis macrocephalus and Pelsartia humeralis was similar to Allorchestes compressa, consistent with the view that this amphipod forms a major component of the diet of these 2 species (Crawley et al. 2006) . The close similarity in the δ 13 C values and EFA profiles of A. compressa and juvenile C. macrocephalus and P. humeralis in the present study, coupled with the high consumption of this amphipod by these fish species ( Crawley et al. 2006) , indicates that the amphipods provide an important link in the flow of nutrients and energy from allochthonous brown algae to higher levels in the food web in the surf zone of the region. Brown algae are therefore the predominant ultimate sources of production in the food web of the surf zone, despite contributing only 17 to 28% of the dry bio- mass of wrack at the sites during the study period. In contrast, seagrass made up the bulk (52 to 58%) of the biomass of wrack, but contributed little to the diet of amphipods. Allochthonous brown algae, therefore, appears to provide a disproportionate role in supporting the food chain in the surf zone of the region, where amphipod and fish abundances are clearly enhanced by increasing volumes of wrack (Robertson & Lucas 1983 , Crawley et al. 2006 ). Brown algae in this environment are also likely to benefit amphipods and fish by providing shelter from predation (Crawley et al. 2006 , Crawley & Hyndes 2007 , whereas the role of seagrass appears to be restricted to providing habitat. Trophic linkages across habitats through the movement of nutrients, detritus or organisms can be crucial to the productivity of many coastal ecotones (Polis et al. 1997) . While several studies have focused on linkages between terrestrial and marine systems (see Polis et al. 1997) , the present study clearly shows a strong link between habitats that produce a mosaic landscape in the marine environment, i.e. reefs and sandy surf zones. Brown algae, particularly Ecklonia radiata, are dislodged and transported from reefs to other habitats through water movement (Wernberg et al. 2006 ). This detached material has been suggested to be an important food source for grazer species in other habitats in southwestern Australia (Vanderklift & Kendrick 2005 , Wernberg et al. 2006 ) and elsewhere (Pennings et al. 2000) . For the first time, the use of both stable isotopes and fatty acids has allowed us to establish that inputs of brown algae into the surf zone subsidises secondary production in that habitat, which otherwise contains little in situ production. Since the reefs occur approximately 1 to 20 km from the surf zone, the spatial extent of the connectivity between these ecotones is relatively large.
Detached macrophytes accumulate along shorelines in many parts of the world and those accumulations can comprise a mixture of different types of macrophytes (Colombini & Chelazzi 2003) . The present study clearly shows that different types of macrophytes can play substantially different roles in these ecotones, with brown algae playing a particularly important role in fueling secondary production. To maintain the integrity of the flow of nutrients from donor to recipient habitats within the marine environment, spatial management approaches need to incorporate spatial extents that can preserve these integral processes. 
